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Abstract: Materials and Methods: Chemical composition was studied with the help of the scanning electron microscope with energy-dispersion 
spectrometer. Immunohistochemical reaction showed the p53 and Ki-67 receptors expression. The study of DNA fragmentation was performed 
in agarose gel. Results: There was an interrelation between the accumulations of the trace elements with the degree of cancer malignancy. There 
were 85% of cases with positive reaction to Ki-67 and 40% cases with positive reaction to p53. We found a moderate correlation between the 
accumulation of microelements in the breast cancer tissue and the level of proliferative activity. We noted the combination of the increase of DNA 
fragmentation with the expression of p53 and Ki-67 receptors. Conclusions: The trace elements can cause the initiation and the progression of the 
tumorous growth, which is expressed in the increased proliferation of tumor cells. This leads to the destabilization of the genetic material which 
can be expressed in the synthesis of mutant p53 protein. Finally, it leads to the block of apoptosis and regulatory eff ects of cells. This can cause the 
tumor progression and the destabilization of the genome, which is reﬂ ected in the increased DNA fragmentation.
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Introduction
Breast cancer (BC) occupies the ﬁ rst place among all 
localizations of women’s cancer. In Ukraine, a new case 
of disease is diagnosed every 35–37 min and every hour 
a woman dies from BC [1]. Hormonal disturbances, 
genetic predisposition, environmental factors, benign 
breast tumors, nutrition disorders, and viral contamina-
tion were described as etiological factors of BC [2, 3]. 
There is ample support for the claim that heavy metal 
salts inﬂ uence BC development in many cases [4, 5]. 
Heavy metals inﬂ uence the processes of apoptosis and 
proliferative activity, and this leads to the stimulation 
of malignant transformation and the initiation and pro-
gression of tumorous growth [6].
The study of tumor cells expression of proteins has 
been paramount in determining the prognosis of can-
cer in recent years. On the basis of the evidence which 
is currently available, it seems fair to suggest that the 
expression of p53 apoptosis receptor and Ki-67 pro-
liferation serves as above-mentioned markers [7, 8]. 
The synthesis of p53 “mutant” type protein (p53 mt) 
leads to cells mimicry of the properties of p53 “wild” 
proapoptotic protein, and the cells avoid the inﬂ uence 
of immune system. The study of Ki-67 protein (pro-
liferation marker), which is expressed in all cells that 
have come out of G0 division phase, enables to reveal 
“hidden” proliferative potential of this tumor and as-
sess the degree of malignancy and divide patients into 
groups with relatively favorable and unfavorable prog-
nosis [9].
One of the indications of apoptosis is the fragmen-
tation of DNA, which occurs in several stages. In the 
ﬁ rst stage, DNA is cleaved into large portions formed of 
several million base pairs (bp) in length. In the second 
stage, it is cleaved into 50,000–300,000 bp. The third 
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stage represents single nucleosomes or polynucleosomes 
fragmentation (200–1000 bp) [10]. There are many 
reasons for such DNA damage, but the most important 
of them is direct DNA damage made by active oxygen 
forms or fast nucleases activation in the process of apop-
tosis [11].
The objectives of this paper are as follows: the in-
vestigation of the expression of p53 “mutant” protein 
and Ki-67 proliferative marker in normal breast tissue, 
in tumor breast tissues, and in distant metastases; the 
determination of the level of DNA fragmentation in 
the above-mentioned groups of tissues; and the identi-
ﬁ cation of correlation between receptor expression and 
DNA fragmentation.
Materials and Methods
The tissue that had been received during the postopera-
tive biopsy was kept in the refrigerator. It became the 
subject of the further investigation after the establishing 
of the histological diagnosis. We selected 20 cases of the 
inﬁ ltrative ductal carcinoma of the second and the third 
degree of malignancy according to Scarff –Bloom–Rich-
ardson, 5 cases of distant metastases, and 5 cases of nor-
mal breast tissue.
Paraffi  n sections (of 5 μm thickness) were subjected 
to dewaxing and applied on spectral pure graphite rods. 
Chemical composition was studied with the help of the 
scanning electron microscope with energy-dispersion 
spectrometer. Digital images of the specimen and the 
indicators of microelements content were identiﬁ ed 
with the help of Magellanes and VCU software.
The material for the immunohistochemical study was 
ﬁ xed in 10% neutral formalin for 24 h, and then paraffi  n 
blocks were made of it. Then sections with the thick-
ness of 3–4 mm were made, and they were subjected to 
the standard process of dehydration in xylol and alcohols 
of rising concentration. Immunohistochemical reaction 
consisted of 2 stages. During the ﬁ rst stage, incuba-
tion with primary rabbit antibodies in dilution of 1:100 
took place (SP5 clone was used for determination of the 
p53 receptors expression, and SP6 clone was used for 
determination of Ki-67 receptors expression). During 
the second stage, incubation with secondary antibodies 
(UltraVision ONE HRP Polymer) took place. The level 
of Ki-67 receptor expression was evaluated according to 
Fitzgibbons’ recommendations [12]. Tumors had P53 
positive status provided that more than 5% of nuclei had 
intense staining or 10%–50% of nuclei had moderate col-
oration.
DNA was extracted from the tissue using a lysis buf-
fer which consisted of 30 mM of hydroxymethylamino-
methane (Tris), 10 mM ethylenediamine-tetraacetic acid 
(EDTA), 1% sodium dodecyl sulfate, and 5 mg protein-
ase K (pH 8.0). DNA was puriﬁ ed with phenol–chloro-
form extraction and the following precipitation in abso-
lute ethanol. The study of DNA fragmentation was per-
formed in 1% agarose gel based on electrophoretic buff er 
(Tris – 24.22 g, EDTA – 1.862 g, acetic acid – 8396 mL, 
H2O – 73.3 mL, pH 8.0 – after mixing, the components 
were 50 times diluted in distilled water). Electropho-
retic product was visualized using luminescence in the 
ultraviolet spectrum (420 nm), after combining DNA 
with acridine orange. We used λ phage (~49,000 bp) as 
a marker of DNA.
Fig. 1. Scanning image and chemical composition of BC tissue. 1 – Tumorous parenchyma, 2 – tumorous 
stroma. Magniﬁ cation: ×205
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Mathematical calculations were done using Micro-
soft Excel 2010 with 12.0.5 Attestat option. We found 
such indicators as chi-squared Pearson’s test, Student’s 
T-criterion, and Pearson’s correlation coeffi  cient (with 
statistical signiﬁ cance p < 0.05).
Results
The study of the breast tissue chemical composition 
showed the accumulation of the chemical elements in the 
component parts both in unchanged mammary gland 
and in tumor tissue. Such macroelements as calcium, 
phosphorus, potassium, sulfur, and sodium are dominat-
ed among them. Such heavy metals as zinc, iron, copper, 
chromium, nickel, and lead are encountered in diff erent 
proportions among other microelements. There is an in-
terrelation (p < 0.05) between the accumulation of the 
above elements with the degree of cancer malignancy 
(Fig. 1). We observed the absence of the same amount 
of elements in distant metastases compared with the pri-
mary center (p > 0.05).
Immunohistochemical analysis has revealed diff er-
ent variants of receptors expression. In the intact breast 
tissue, we found some cells that were positive to Ki-67 
receptors and had a mild expression of p53. The correla-
tion between these two types of receptors has not been 
identiﬁ ed (Fig. 2a,b). When studying proapoptotic and 
proliferative markers in tumor tissue, we found diff er-
ent values of receptors expression. There were 85% of 
cases with positive reaction to Ki-67 and 40% cases with 
positive reaction to p53. We also traced a moderate cor-
relation between these indicators (p < 0.05). The level 
of receptors expression in distant metastases was slightly 
higher than their value in primary tumors. We found a 
moderate correlation between the accumulation of mi-
croelements in the breast cancer tissue and the level of 
proliferative activity (Fig. 2c,d).
When studying DNA with the help of electrophoresis 
in agarose gel for 200 minutes, we found the following 
information: DNA of intact tissue was located near the 
starting line, indicating the absence of fragmentation of 
genetic material (Fig. 3, tracks 10 and 13), DNA of tu-
mor tissue had diff erent level of fragmentation (Fig. 3, 
tracks 2–4, 6–9, and 12), and in some cases, it was nearly 
completely fragmented (Fig. 3, tracks 2 and 12). Com-
paring the change in tumor DNA (Fig. 3, tracks 6 and 
12) with changes in distant metastases (Fig. 3, tracks 5 
Fig. 2. Immunohistochemical expression of Ki-67 and p53 receptors. a, b – Intact breast tissue, c – BC 
with less levels of trace elements, d – BC with a higher level of trace elements. Magniﬁ cation: ×400
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and 11), we noticed that they were very similar and had a 
slightly more expressed character in tumor foci in lymph 
nodes.
We noted the combination of the increase of DNA 
fragmentation with the expression of p53 and Ki-67 re-
ceptors.
Discussion
Undoubtedly, the process of carcinogenesis is a poly-
etiological disease in which heavy metals play a key role 
speaking about women who live in environmentally 
contaminated regions. On the one hand, the increased 
Fig. 3. DNA electrophoresis in agarose gel. The black line is the line start. A – the beginning of electrophoresis, B – the ﬁ nish 
of electrophoresis (200 min). 1 – DNA of  λ phage
Schema 1. Pathogenetic links in the tumor process
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amount of trace elements in breast cancer tissue suggests 
their participation in the initiation of tumor growth; 
on the other hand, the combination of accumulation 
of elements with increasing malignancy indicates their 
role in the progression of carcinogenesis. If we compare 
distant metastases with the primary focus, we can say 
that the absence of the same amount of heavy metals in 
distant metastases says about their impact in the place 
of accumulation. In other places of their dissemina-
tion, neoplastic process continues to progress from the 
“farmed” tumor.
Some cells of normal breast tissue are in the pro-
cess of constant division, as it is evidenced from single 
positively stained cells. Their coloration is connected 
with Ki-67 receptor. On the other hand, there are 
some cells that, due to the impact of endogenous 
or exogenous factors, die or need reparative eff ects. 
Trace elements play the role of exogenous factors. The 
p53 protein is the indicator of the process, which we 
have found in the normal tissue. Studying these pa-
rameters in malignant tumors, we found that cells had 
much more proliferative potential. This parameter was 
higher in the tumor tissue, which has accumulated 
more trace elements, and this indicated their inﬂ u-
ence on cell division. We think that the mechanism of 
this eff ect is in their inﬂ uence on receptors for steroid 
hormones as “ecological” estrogens and provokes cells 
to division. As a result, they avoid the controlled in-
ﬂ uence of macroorganism that causes disorders in cell 
division and leads to diff erent mutations of genetic 
material.
One of such mutant genes in breast tumors is the 
p53 gene, the product of which is mt p53 protein. This 
central “mutant” p53 protein which is responsible for 
apoptosis and transcriptional activity falls out of the 
control range of cell homeostasis. This causes the lack 
of block in the division of cancer cells and their repara-
tion, which leads to the increased proliferative activ-
ity and the appearance of new mutations (Schema 1). 
The cycle is repeated again and again. In our research, 
we observed precisely this regularity: the increased ex-
pression of p53 proapoptotic protein was accompanied 
by overexpression of Ki-67 proliferative marker. The 
possibility to cell division increases and the number of 
mutant p53 in metastatic foci rises. All this suggests 
the origin of this cell from the parent tumor and the 
following progression of carcinogenesis.
The results of the DNA electrophoresis have re-
vealed a clear regularity between the degree of tumor 
progression, cell proliferative activity, destabilization 
of programmed cell death, and the levels of DNA frag-
mentation. Objectively, this shows the degree of in-
stability of the genetic material in the progression of 
malignant tumorous process. The latter arises in the 
unregulated division of tumor cells due to the lack of 
endogenous corrective actions (Schema 1).
Conclusions
Such trace elements as zinc, iron, copper, chromium, 
nickel, and lead can cause the initiation and the pro-
gression of the tumorous growth, which is expressed 
in the increased proliferation of tumor cells. This leads 
to the destabilization of the genetic material which can 
be expressed in the synthesis of mutant p53 protein al-
though the process of the synthesis of the misleading 
p53 may be the primary process, too. Finally, it leads 
to the block of apoptosis and regulatory eff ects of cells. 
This can cause the tumor progression and the destabili-
zation of the genome, which is reﬂ ected in the increased 
DNA fragmentation.
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